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Abstract 
In this work, we propose, fabricate and characterize a full duplex communication system 
using visible light on a single chip. Both the suspended p-n junction InGaN/GaN multiple 
quantum well (MQW) devices and the suspended waveguides are obtained on a GaN-on-silicon 
platform by wafer-level processing. Two suspended p-n junction InGaN/GaN MQW devices that 
can both emit and detect light simultaneously are connected using suspended waveguides to form 
an in-plane visible light communication (VLC) system. The light that is emitted from one 
suspended p-n junction InGaN/GaN MQW device can induce a current in the device located at 
the other end of the waveguide via in-plane light coupling, thus leading to full duplex 
communication using visible light. This proof-of-concept in-plane VLC system paves the way 
towards the implementation of a full duplex communications system operating at the same 
frequency using visible light on a single chip. 
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In a typical visible light communication (VLC) system, a light-emitting diode (LED) serves 
as a transmitter that emits modulated light and a photodiode is used as a receiver to detect the 
light and complete the photon-electron conversion [1–3]. Previous experimental results show that 
existing photoelectric devices can only form a one-way VLC system in which data are 
transmitted from the LED to the photodiode using modulated light on the same channel. Two 
separate channels, i.e., one for uplink and one for downlink [4], are thus required to achieve full 
duplex communication. A p-n junction InGaN/GaN multiple quantum well (MQW) device has 
selectable light emission and photodetection functionalities [5–8]. Such a device, when acting as 
a receiver, is sensitive for detection of incoming light. However, in previous LED-to-LED VLC 
systems, bidirectional communication was obtained by temporal separation of the transmitter and 
receiver signals [9]. In principle, a single p-n junction InGaN/GaN MQW device can detect 
incoming light and convert the photons into an electrical current when operating in either LED 
mode or photodiode mode. This implies that such a device can realize light emission and 
photodetection simultaneously. This is promising for the development of full duplex VLC 
systems, in which a single channel can be used to double the spectral efficiency [10]. 
Here, we propose, fabricate and characterize a full duplex communication system using 
visible light on a single chip. Suspended p-n junction InGaN/GaN MQW devices act as both 
communication port and waveguide when the communication channels are fabricated on a 
GaN-on-silicon platform using a wafer-level process [11, 12]. Two suspended p-n junction 
InGaN/GaN MQW devices that can emit and detect light simultaneously are connected using 
suspended waveguides to form an in-plane VLC system. The light emitted from one 
communication port of this VLC system can induce electrical current signals in another 
communication port located at the other end of the system via in-plane light coupling. Full 
duplex communication is experimentally demonstrated on an in-plane VLC system that transmits 
and receives modulated light simultaneously on the same channel. The proposed device doubles 
the spectral efficiency, reduces the number of devices required for full-duplex VLC 
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communications by half, and compresses the entire communication system down to the 
microscale. 
The in-plane VLC system is implemented on a two-inch GaN-on-silicon wafer, and is based 
on a p-n junction InGaN/GaN MQW structure [13, 14]. Because the p-n junction InGaN/GaN 
MQW device serves as LED and photodiode simultaneously, an identical fabrication process is 
adopted to achieve an identical device architecture. The top layer is defined by photolithography 
and then etched down to n-GaN to form an isolation mesa by inductively-coupled plasma 
reactive ion etching (ICP-RIE) using Cl2 and BCl3 hybrid gases, and a ~10-μm-wide trench is 
formed to isolate the two p-regions. Both p- and n-type contacts are then formed by Ni/Au (20 
nm/180 nm) evaporation followed by rapid thermal annealing in a N2 atmosphere. The 
waveguides are then patterned and etched by ICP-RIE. The top device structures are protected 
and the silicon substrate is then patterned by rear-side alignment photolithography. Deep RIE is 
performed to remove the silicon substrate and back wafer etching of the suspended membrane is 
performed to obtain a membrane-type in-plane VLC system. 
Figure 1(a) shows an optical microscope image of the fabricated in-plane VLC system, 
consisting of two suspended p-n junction InGaN/GaN MQW devices and suspended waveguides. 
These integrated devices are fabricated on a suspended membrane, except for the contact pads, to 
which four probes are applied for device characterization. Figure 1(b) shows a scanning electron 
microscope (SEM) image of the in-plane VLC system. Two suspended p-n junction InGaN/GaN 
MQW devices, in which the gaps between the mesas and the n-electrodes are 10 μm, are 
connected to 70-μm-diameter p-electrodes fabricated on the isolation mesa using three 
80-μm-long and 10-μm-wide suspended waveguides, which are spaced in parallel. The 
suspended p-n junction InGaN/GaN MQW devices serve as transmitters and receivers 
simultaneously, and the suspended waveguides are used as in-plane channels to achieve full 
duplex communication using visible light. 
Figure 2 shows a schematic of the experimental setup. The integrated setup includes an 
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Agilent B1500A semiconductor device analyzer, an Agilent 33522A arbitrary waveform 
generator, a Cascade PM5 probe station and an Agilent DSO9254A digital storage oscilloscope. 
The probe station observation system can image the sample simultaneously. When the probes are 
applied to the sample, the devices can be driven by either the semiconductor device analyzer or 
the signal generator, and the measured data can be characterized using the oscilloscope or other 
analyzers for integrated device evaluation. 
When the suspended p-n junction InGaN/GaN MQW device operates in LED mode, it emits 
light in a pancake-shaped pattern in all directions within the plane, and there are thus some 
escape cones that are parallel to the wafer surface [15]. The light emission can thus couple into 
the suspended waveguides, leading to in-plane propagation [16–21]. Light coupling between the 
two suspended p-n junction InGaN/GaN MQW devices is achieved via the suspended 
waveguides. One device at the end of the in-plane VLC system emits light that is coupled into 
the suspended waveguide, and another device at the other end of the system absorbs that guided 
light and completes the photon-electron conversion. In association with the semiconductor 
device analyzer and the probe station, the light coupling behavior of the system is characterized 
via four-terminal measurements. Figure 3(a) shows log-scaled current-voltage (I-V) plots for 
device B at various forward current levels for device A. The measured current at device B is the 
sum of the driven current caused by the bias voltage and the induced photocurrent caused by the 
light emitted by device A. The light emission intensity is enhanced by increasing the forward 
current of device A; as the forward current of device A increases, the emitted light becomes 
stronger. Device B can thus absorb increased light power, leading to an increased photocurrent. 
This induced photocurrent clearly influences the current measured at device B. The induced 
photocurrents are negative when the device B bias voltage is lower than the turn-on voltage. 
Therefore, only positive currents are observed for device B when the forward current of device A 
is in the 0.2 mA to 1 mA range. The device turn-on voltage is approximately 2.5 V at the 0 mA 
forward current for device A, and increases with increasing forward current through device A. 
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Linearly-scaled I-V plots in the −4 V to 2.5 V range are shown in Fig. 3(b). Device B detects the 
light guided by the suspended waveguides, leading to in-plane photon-electron conversion inside 
the p-n junction. The measured photocurrent thus increases with increasing device B bias voltage. 
To investigate the induced photocurrent further, we use measured current values for device B at a 
forward current of 0 mA for device A to subtract other measured current values. As shown in Fig. 
3(c), below the turn-on voltage for device B, the induced photocurrent gradually increases with 
increasing bias voltage. Around the turn-on voltage, the induced photocurrent increases sharply 
before reaching a relatively stable region. The induced photocurrent also clearly increases with 
increasing forward current through device A. Figure 3(d) shows the induced photocurrent in 
device A at different forward current levels for device B; similar results are observed. These 
experimental results confirm that the p-n junction InGaN/GaN MQW devices can detect the light 
guided by the suspended waveguides when the devices operate in either LED mode or 
photodiode mode, i.e., simultaneous light emission and photodetection is realized. 
The two p-n junction InGaN/GaN MQW devices are driven directly by the arbitrary 
waveform generator to modulate the emitted light. When device B is turned off, device A is 
driven directly to modulate the emitted light at 23 MHz. Figure 4(a) shows the light emission 
image. Because a Ni/Au (20 nm/180 nm) metallization stack is used as the p-electrode, the 
electrode region is not transparent and the thick metal stack suppresses light emission from the 
top escape cone, leading to a dark p-electrode region. The light that is emitted from the 
neighboring region is attributed to the current spreading effect [22]. Figure 4(b) shows the light 
image when device A is driven at 23 MHz and device B is driven at 2 MHz simultaneously, 
where the offset voltages are 3.0 V and the peak-to-peak modulation voltages are 4.1 V and 6.5 
V, respectively. The peak-to-peak modulation voltage decreases with increasing frequency, 
leading to a difference between the illumination levels from the two devices. The two p-n 
junction InGaN/GaN MQW devices serve as both transmitters and receivers simultaneously and, 
together with the suspended waveguides, form an in-plane VLC system. 
 6 
In the in-plane VLC system, the emitted light at one system communication port is 
delivered into the waveguide, and the photon-electron conversion processes are completed at the 
other port, thus realizing in-plane communication using visible light [23]. Both the transmitted 
and received electric signals are characterized by the oscilloscope without amplification 
processes. When device B is driven at 2 MHz and device A is driven at 23 MHz, the signals at 
device B are divided into two channels, where one is used to produce the received signals with a 
high-pass filter and the other is used to characterize the transmitted signals without the filter. 
Figure 5(a) shows the signals for the in-plane VLC system, where device B emits modulated 
light at 2 MHz and detects the modulated light from device A at 23 MHz. Device A delivers a 23 
MHz sinewave signal, and both the 2 MHz and 23 MHz sinewave signals are measured at device 
B, thus experimentally indicating that the p-n junction InGaN/GaN device can detect modulated 
light while it also emits modulated light. The oscilloscope trace in Fig. 5(b) shows that the two 
channels at device B sense the modulated light at 23 MHz when device B is turned off, i.e., 
illustrating photodiode mode operation. Figure 5(c) shows the measured eye diagrams at 500 
kbps for the in-plane VLC system using the probe station, in which open eyes are clearly shown. 
Additionally, when both device A and device B simultaneously emit light modulated with the 
500 kHz square wave signals and with fill factors of 0.5 and 0.25, respectively, figure 5(d) shows 
that device A can transform both the transmitted and received signal traces into a superposition 
of signals, leading to an in-plane full duplex VLC system that operates at the same frequency. 
These results experimentally demonstrate that full duplex communication can be achieved in the 
same channel using the proposed in-plane VLC system. Self-interference cancellation and other 
signal processing methods can be used to extract the signals. 
In conclusion, suspended p-n junction InGaN/GaN MQW devices and suspended 
waveguides are fabricated on a single GaN-on-silicon platform. When operated in either LED 
mode or photodiode mode, the suspended p-n junction InGaN/GaN MQW devices can produce 
light-induced currents, i.e., simultaneous light emission and photodetection is realized. Using the 
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two suspended p-n junction InGaN/GaN MQW devices and the suspended waveguides, the full 
in-plane VLC system is constructed. In-plane light coupling between the two suspended p-n 
junction InGaN/GaN MQW devices is realized using the suspended waveguides. Full duplex 
communications are demonstrated experimentally using visible light, thus paving the way 
towards an in-plane full duplex VLC system operating at the same frequency on a single chip. 
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Figure Captions  
FIG. 1. (a) Optical microscope image of fabricated in-plane VLC system. (b) SEM image 
of the integrated devices. 
FIG. 2. Schematic diagram of the experimental setup. 
FIG. 3. (a) Log-scaled I-V plots for device B at various forward current levels for device A. 
(b) Linearly-scaled I-V plots for device B at various forward current levels for device A. (c) 
Log-scaled photocurrents for device B at various forward current levels for device A. (d) 
Log-scaled photocurrents for device A at various forward current levels for device B. 
FIG. 4. (a) Light emission image when device A is driven at 23 MHz and device B is turned 
off. (b) Light emission image when device A is driven at 23 MHz and device B is driven at 2 
MHz, where the offset voltages are 3.0 V and the peak-to-peak modulation voltages are 4.1 V 
and 6.5 V, respectively. 
FIG. 5. (a) Measured signals for in-plane VLC system when device A is driven at 23 MHz 
and device B is driven at 2 MHz. (b) Measured signals for in-plane VLC system when device A 
is driven at 23 MHz and device B is turned off. (c) Eye diagrams measured at 500 kbps. (d) 
Superposition of signals at device A. 
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